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5 METHODS TO PROFILE AND TREAT ABNORMMi CELLS 

Technical Field 

The invention relates to a method to manipulate 
the metabolism^ of tumor cells differentially from the 
10 metabolism of normal cells. More particularly, it con- 
cerns altering the activity of tumor- specif ic glutathione 
S- transferase (GST) enzymes. 

Background Art 

15 Glutathione S- transferases (GSTs) are a group 

of isoenzymes which regulate the metabolism arid detoxi- 
fication of foreign substances introduced into cells. In 
general, GST can facilitate detoxification of foreign 
substances by a nuiaber of mechanisms and can also convert 

20 certain precursors into toxic siibstances. 

For example, Waxman, Cancer Res (1990) 

50:6449-6454, has reviewed these functions. As 
summarized in this report, GST can detoxify lipophilic 
substances which contain an electrophile by catalyzing 

25 the coupling of the electrophilic portion to glutathione 
(GSH) , thus rendering a significant portion of the 
molecule more polar and susceptible to clearance. A 
number of the drugs used in chemotherapy are susceptible 
to this type of detoxification, including, ' for example, 

30 various mustards. A second mechanism resides in the 

reduction of peroxides with the concqmitant oxidation of 
glutathione; a third simply involves the association of a 
ligand with the GST in a noncovalent assqciation. 
Conversely, GST also catalyzes some reactions which 
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convert nontoxic precursors to toxic agents, 
exainple, GST is capable of converting i,2.dibroiaoethane 
and azathioprine to toxins . 

Because of the central role of GST iii 
regulating the toxic effects of foreign substances, it is 
evident that manipulating the GST activity in cells which 
are subjected to toxic agents intended to kill them wxll 
influence the effectiveness of this treatment. Thxs has 
been demonstrated in a nionb^r of studies. For exaitple. 
Tew, et al.. ^^^...r Res (1988) 4a:3622063S, showed 

that ethacrynic acid and piriprost potentiate the 
cytotoxic activity of chlorainbucil in' rat and hunan tumor 
cell lines. Ethacrynic acid and piriprost are known to 
affect GST (ethacrynic acid is a diuretic plant phenol; 
piriprost is a prostaglandin analog) . Chlorambucil xs a 
known alkylating agent which is thought to be cleared ^ 
froai cells by the mediation of GST activity to derivatxze 
chlorambucil to GSH; it has, in fact, been demonstrated 
that chlorantoucil is a substrate for GST. The ability of 
ethacrynic acid and piriprost to iiJhibit GST activity was 
thus considered responsible for their ability to enhance 
the potency of chloranibucil in both chlorambucil- 
sensitive and chlorambucil -resistant cell lineg, although 
considerable variation in the effectiveness of these 
protocols was found among the cell. lines tested. 

At present, there is a multicenter study 
planned to evaluate the chemosensitizing effect of 
ethacrynic acid in combination with administration of 
chlorambucil in patients with chronic lymphocytic 
leukemia (CLL) that were resistant to therapy using 
chlorambucil and prednisolone. Hhe selection of patients 
for this study is based on their demonstrated resistance 
to treatment with chlorambucil and prednisolone absent 
the coadministration of ethacrynic acid. 
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The activity of GST also affects the radiosen- 
sitivity of mammalian cells. A problem encountered in 
treating tumors using radiation resides in the hypoxic 
condition of many t\imor cells as compared to ndrinal 
5 cells. Because of their reduced state, these cells are 
e\rldently more capable of dealing with the peroxide and 
other free radicals generated by radiation/ and. are thus, 
perversely, more resistant to raidiation treatment than 
their normal counterparts. Use of radiosensitizing 

10 oxidizing agents in conjunction with radiation therapy is 
already well established. A similar result, however, can 
be obtained by use of agents which deplete intracellular 
GSH through its catalytic oxidation mediated by GST. 
Held, K.D., et al., Radiation Res (1988} 115:495-502, 

15 showed that dimethyl fuitiarate, which depletes GSH by 

covalent bond formation in a reaction mediated by GST, is 
an effective radiosensitizer in hypoxic cells, the 
enhancement ratio being much greater than shown in 
aerobic cells. 

20 Of course, attempts to expose certain cells to 

toxic protocols preferentially to other cells by manipu- 
lating the GSH pathway would be of limited utility if the 
response of all cells to such manipulation were 
identical. This situation is illustrated by the use of 

25 the drug BSO, for example, that blocks de novo synthesis 
of GSH and is thus theoretically an effective radiosen- 
sitizer. This drug has same preferential effect on tumor 
cells due to small differences in bioavailability and 
pharmacokinetics. Similar considerations apply to 

30 efforts to manipulate glutathione reductase, the major 
enzyme involved in recycling oxidized glutathione . 

Conferring susceptibility on a certain class of 
cells, for example tiimor cells, in a clearly 'preferential 
maimer depends on there being some real difference in the 
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response of the glutathione pathway in turner cells as 
compared to that in nonnal cSlTs-. Fortunately, one major 
component of the glutathione pathway, -GST," represents 
not a single, invariant enzyme but a class of isoenzymes 
5 which differ in specific binding abilities, in substrate 
and inhibitor specificities and in tissue distribution. 

The various GST isozymes are dimeric proteins 
formed by binary combinations of monomers encoded by at 
least 15 knovm genes in 4 gene families, resulting in the 

10 theoretical possibility of several dozen diffetent dimers 
even allowing for the preferential dimerization of 
monomers from the same gene family. In addition to the 
variability that arises from thes^ combinatorial possi- 
bilities, the GST isoenzyme subunits are polymorphic in 

15 Che human population and have been considered to be 

subject to additional variation due to gene conversion 
events among the tandemly repeated members of the family. 
Posttranslational modifications add further to this 
variability- Thus, the GST's obtained from tissue 

20 saitples of a given individual may not necessarily exactly 
itatch those of any previously known GST. Particular cell 
types typically express only a few of these many forms. 
The particular GST complement in a cell is probably also 
affected by exposure to certain environmental factors, 

25 such as chemical substances > since the enzymes are indu- 
cible. Thus, GST represents a family of isoenzymes which 
differ in quantity and enzymatic and physical properties 
in various c^ll types and in various individuals . 

The situation with respect to complement of GST 

30 found in various cells is illustrated in Figure 1, which 
is reproduced from Castro et al., r.arcinogenesis (1990) 
11:1569-1596. This figure shows the results of SDS gel 
electrophoretic separations, using silver staining for 
detection, of soluble GSTs that had been purified on an 
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S-hexylglutathione Sepharose column. The various lanes 
in the gel show the complements of isoenzymes in various 
tumor cell lines, as well as purified representatives of 
the major gene families. As shown in Figure 1, the 
5 distinctive GST complement of each tumor cell line 

represents a potential therapeutic target. However, it 
is difficult to extrapolate from a determination of GST 
complement determined in this manner, which deactivates 
the enzyme, to a reactivity profile for the cell line, 

10 since genetic polymorphisms and posttranslatiohal 

modifications may alter reactivity without altering 
eiectrophoretic mobility, or, conversely, alter physical 
properties without affecting reactivity. 

Mannervik, B., et al,, Proc Natl Acad Sci 

15 (1985) 12:7202-7206, propose a classification scheme for 
GST dividing the groups into a single microsomal subclass 
and three cytosolic subclasses. These classes show dif- 
ferences in structure, iimmunological activity, substrate 
specificity an<3 inhibitor sensitivities. Mannervik, B., 

20 et al., describe some of the qualitative properties in 

detail. For example, the turnover rates in /zM/rain/mg for 
ethacrynic acid substrate show a range of 0.01-^1.2 for a. 
ensymes? 0.08-0.6 for fi enzymes? and 0.9-4 for tt enzymes. 
On the other hand, 6-5-androstene-3 , 17-dione shows a high 

25 turnover rate for the subclass, 0.04-8, and much 

reduced turnover rates for the remaining two subclasses. 
In the substrates surveyed in this report, higher 
turnover rates were observed for the (x subclass for 
cumene hyperoxide and 6-5-androstene-3 , 17-dione; for the 

30 /I subclass by bromosulf ophthalein, and tranS'^4-phenyl-3- 
butene-2-one; and for the ir subclass by ethacrynic acid. 
Similar differences were found with respect to inhibi- 
tors. Some members of the or subclass were extremely 
sensitive to hematin; there was less sensitivity by the 
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n^ers of the (i and ir subclasses. T^e n subclass was 
highly sensitive i^ comparison to the- others -to Cibacron 
bine and triphenyltin chloride. Differences in cross, 
reactivity with regard to antibodies prepared to various 
members of the subclasses was also demonstrated. 

Manner^rik further classified the GST. isoenzymes 
that were studied by multiparametric statistics- as 
illustrated in Figure 2, which is reproduced from thxs 
article The purified homo- and heterbdimeric GSTs were 
prepared from several tissue sources in various animal 
species and profiles of reactivity which described the 
substrate specificity and inhibitor sensitivity as set 
forth in the previous paragraph were determined against a 
panel of 20 small organic molecules. Based on similar 
functional properties, the purified isoenzymes were 
grouped into the three families set forth above, which 
have subsequently been correlated with individual gene 
families. Figure 2 shows the result of factor analysis 
which was used to generate the principal coir?)onents of 
the distribution (PI) and (P2> and the figure shows the 
graphical result of this analysis. 

The ability of different purified rat GST 
enzymes to detoxify the i,3-bis- (2-chlordethyl) -1- 
nitrosourea (BCNU) by denitrosation was studied by Smith, 
25 M.T., et al., rgpcgr ^es (1989) M:2621-2625. The 

reported results indicated that fi isoenzymes containing 
subunit 4 are the best catalysts for this reaction while 
several members of the ci subclass had very weak activity. 

An additional aspect of variability among the 
30 members of the group of GST isoenzymes resides in 
differences in their levels of response to various 
inducers. In an article by Vos, R.M.E., et al., Biochem 
Pharmacol (1988) 37:1077-1082, the patterns of response 
in terms of levels of production of the various GST 
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isoenzymes was shown to four different inducers-- 
hexachlorobenzene , benzyl isothiocyanate , phehobarbital, 
and 3-methylcholanthrene. In this study, rats were 
treated with the candidate inducers and the GST 
5 isoenzymes of the liver were purified on S-hexylgluta- 
thione Sepharose 6B and then separated using FPLC- 
chromatofocusing. Both hexachlorobenzene and phenobar- 
bital caused an incriease in the relative concentration of 
isoenzymes designated 1-1 and 3-3 by Vos, as well as a 

10 decrease in the relative amounts of isoenzymes 2-2 and 
4t4. These inducers increased the relative amounts of 
protein represented by subunits 1 and 3 when compared to 
subunits 2 and 4 . On the other hand, berizoisothio- 
cyanate did not induce subunit 1, but enhanced isoenzyme 

15 2-2. 3 -methyl cholanthrene increased the relative amounts 
of isoenzymes 3-3 and 3-4 as compared to isoenzyme 4-4. 
Inducers for particular isoenzymes are not necessarily 
substrates, however. 

The role of the various isoenzymes of GST in 

20 conferring resistance to toxins has been confiimed using 
esqpression of recombinant GST isoenzymes in mammalian 
cell transforraants; Puchalski., R.B., et al,, Proc Natl 
Acad Sci USA (1990) 87:2443-2447. This report showed 
that each of three full-length cloned GST cDNAs--7r 

25 . (acidic), Ya (basic) and Yb^ (neutral) --conferred drug 
resistance when expressed -in cultured mammalian cells. 
It was foimd that GST Ya conferred the greatest increase 
in resistance to chlorambucil and melphalan; Yb-_ 
conferred the greatest increase in resistance to 

30 cisplatin, and tt conferred the greatest increase in 
resistance to racemic benzopyrene mixtures and to 
doxorubicin. None of these conferred resistance to 
vinblastine. 
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The association of specific GST isoerizyn.es witH 
tumors has also been studied. Wiencke, et al , 

^.^^ (1990) S£:1585-1590, further describes _ the 
art-recognized association of genetic deficiency xn the , 
isoenzyme of GST with increased lung cancer risk. ^ Thxs 
deficiency was found to be associated with seiisitxvxty to 
trans -stilbene oxide-induced cytogenetic damage. The 
Castro et al. paper, referenced above, also clearly shows 
the differences in GST complement, depending on the 
particular tumor cell line being considered. _ 

The GST TT isotype has also been associated wxth 
tumors, including cancers of the colon, stomach, 
pancreas, uterine cervix, rehal cortex, adenocarcxnoma of 
the breast and lung, nodular small cell lymphoma, 
mesothelioma, ^11 cell and aon^ll cell lung carcinoma 
and EJB bladder carcinoma as well as in CLL (Ketterer, B. 
et al in "Glutathione Conjugation: Mechanisms and 
Biological Significance"; Sies, H. , et al. eds. (1988) 
Academic Press, London, pgs. 74-137; Schisselbauer, J-C 
et al., n..r,Pr Res (1990) 50:3552-3568). It is not 
considered that the rr class of GST is a marker for 
particular carcinomas or tumors r however, antibodies to ^ 
GST said to be useful for detecting cancer are disclosed 
in PCT application WO 90/12088. 

The importance of GST in detoxification 
mechanisms and drug resistance and the availability of a 
substantial family of isoenzymes which is unevenly 
distributed as to its members with respect to normal and 
tumor tissue, combined with differences between the 
family members in substrate specificity and inhibitor 
sensitivity, makes this family an important target for 
use in designing therapies for conditions associated with 
malignancy or other unwanted tissue characterized- by a 
discernible GST complement . 
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Disclosure of the Invention . 

The invention is directed to therapeutic 
modulators and methods of treatment using them which 
5 affect the relative efficacy of drugs on normal and 

malignant or other unwanted tissue. The invention also 
provides methods to determine GSt isoenzyme patterns in 
normal and malignant tissues ^ which permits the choice of 
the appropriate therapeutic modulator. 

10 Thus, in one aspect, the invention is directed 

to methods to determine the GST isoenzyme complement of 
separated or unseparated tissue sairrples, which method 
comprises preparing Survey of Characteristics. (SO 
profiles of the separated or unseparated samples and 

15 comparing them with the SC profiles of standards 

containing purified GST isoenzymes, or to mixtures of GST 
isoenzymes, including those derived from reference tissue 
samples. The SC profiles are comprised of a number of 
information channels that represent values of 

20 characteristic parameters for a standard or unknown 
sample. The reagents for the SC profiles may be 
antibodies which differentially cross -react with the 
isoenzymes, or advantage may be taken of other differen- 
tiating properties of these dimers, such as electro- 

25 phoretic mobility ^ in the presence of various substrates 
and inhibitors. A particularly useful type of panel 
comprises a panel of systematically diverse reagents 
which mimic the binding of the paratope region of 
antibodies for the various isoenzymes. A detailed 

30 description of the nature of paralog panels is set forth 
in PCT application WO 91/06356, incorporated herein by 
reference . 

Whatever the choice of specifically reacting 
materials or characteristics to provide the reference and 



wo 92/19767 



PCr/US92/03537 



-10- 



10 



15 



20 



25 



30 



test SC profiles, the cdnbinatioa must be such that the 

characterization of the substrate 
comparison results in a characcerx^a 

specificity Characteristics, inhibition characterxst.es 
etc.. Which affect the design of therapeutic regales and 
modulators and talces account of the polymorphism and 
nrutability of the GST isoenzyme complement xn the 

Dopiilation. j„ 
■ in addition, two specific improvements on 
determining an SC profile are a part of the i-ention-- 
the use of a diverse complement of paralogs as aff .ni^y 
ligands in a- panel of chromatographic sui,ports and the 
use of modified glutathione substrates as affxnxty 

in another aspect, the invention is directed to 
methods of treatment of malignant or other -panted 
tissue which tissue has been determined to have a GST 
complement different from that of hdot^l tissue, and 
Wherein the relevant characteristics of the 
complement have been ascertained. A nuxr^er of 
sZtegies can be en^loyed in accordance with the methods 
of the invention. In each of these strategies, the 
choice of the substances utilized with a particular 
subject will depend on the outcome of the SC profxle 
determination of the unwanted tissue to be treated. Jhe 
determination of the SC profile according to the method 
of the invention thus permits accurate prediction of the 
outcomes using known drugs and regimens as well as the 
design of new drugs and new regimens which wxll be 
successful in these approaches. 

in a first strategy, the cytotoxic drug is a 
toxin Which is inactivated by the GST complement present 
in normal tissue, and also by a different GST complement 
Which characterizes the unwanted tissue. A therapeutic 
modulator is supplied along with the toxin. The 
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therapeutic modulator is an inhibitor for the GST 
specific to the imwanted tissue or is an inducer or 
activator for the GST in normal tissue. Either approach 
enhances toxicity in unwanted as opposed to nornial cells, 
5 In a second strategy, the cytotoxic agent is 

generated by a prodrug that is converted by the GST 
characteristic of the unwanted tissue to a toxic, 
material; this can be administered, if desired, along 
with a therapeutic modulator which is an inducer or 
10 activator for the GST complement characteristic; of the 
unwanted tissue or an inhibitor for normal tissue GST 
complement , 

In a third strategy, a toxiii is administered 
which is unaffected by unwanted- tissue GST but detoxified 
15 by GST found in normal cells. This is similar to the 
first strategy, except that it is not necessary to 
administer a therapeutic modulator along with the toxin . 
The toxin, however, is selected in accordance with the 
GST profiles. 

20 In a fourth strategy, the redox status of the 

unwanted tissue, especially a hypoxic tumor, is alterisd 
in favor of a less hypoxic state by administration of a 
substrate for the tumor GST thereby consuming GSH. The 
substrate is chosen as one which is "not effective' with 

25 the preponderant GSTs in normal tissue. A therapeutic 
modulator may also be used iii conjunction with this 
treatment . 

All of the foregoing strategies can be 
practiced in concert with additional therapeutic regimes 
30 designed to ameliorate the malignant or other unwanted 
condition. 

In additional aspects, the invention is 
directed to pharmaceutical compositions useful in 
conducting the strategies set forth above, and to 
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ref ererxce SC profiles for GST isoenzymes obtained by the 
^thod of the invention. In still another aspect- the 
invention is directed to profiles for individual patxents 
Obtained by the invention protocols, .r^ to dxagnostxc 
5 kits designed to conduct these protocols. 

De3cripti on_o f rtiP Drawinas H.^nariDh 

1 is a xerographic copy of a photograph 

of a silver stained SDS gel used to separate the GST 
10 isoenzymes of various tumor cells. This figure appears 
in Castro et al., C^^cinagen^ ("^0) il:1569-1576. 
Figure 2 is a graphical display of the 
. principal components of a distribution of ^P-i^^"^^ 
properties of various GST isoenzymes resulting xn thexr 
15 classification. This figure appears in Mahnervxlc et al., 
j.^.. ..,.1 .... Sci USA (1985) 11:7202-7206. 

Figure 3 shows a diagrainmatic representation of 
hypothetical results to illustrate the types of profiles 
that can be obtained, llie elution pattern of the GST_ 
20 isoenzymes is matched with a reactivity profile for each, 
thus combining advantageous features of the prior art 
methods illustrated in Figures 1 and 2. 

Figures 4A and 4B fShow tyl^ical SC profiles for 

an illustrative, set of analytes. 
25 Figure 5 shows a 2-dlmensional projection of 

the plot of SC profiles in 5-dimensions. 

, M^riA« of Car ^^" fi"t the invention 

The invention methods take Advantage of the 
30 differing complements of the glutathione- S- transferase • 
(GST) isoenzymes as they occur in normal (as compared to 
unwanted) cells or tissues. By '-GST con5.1emenf is meant 
the pattern of levels of GST isoenzymes that is present 
in s'uch cells or tissues or which is genetically 



35 



wo 92/19767 




PCr/US92/03537 



-13- 

prograinmed in such a manner that induction or repression 
of expression levels of such GSTs is manipulable. As 
explained in the background section above, GSTs are homo- 
or heterodimere formed from subunits, of which at least 
5 seven are well known. In addition, although these 
- isoenzymes have been classified broadly, individual 
meinbers within each class may differ frorti individual to 
individual due to genetic variation, Thja properties of 
the various isoenzymes differ with respect to a series of 

.10 measurable parameters including substrate specificity, 
susceptibility to inhibition, binding to specific 
reagents, and inducibility of expression, 

. Perhaps the most easily understood Approach to 
determining the GST isoenzyme complement of an \inknown. 

15 tissue sample presumes a reference set of all GST 

isoenzymes which have reactivity profiles that have been 
or can be determined. Thus, assuming a high enough 
resolution separation, for example, using any separation 
technique, analogous, for example, to the high resolution 

20 chromatographic focusing described by Vo§ above, an 
elution pattern, is referenced to a series of kiiown 
enzymes. Other methods for separating and characterizing 
the known isoenzymes could include the use of antibodies 
that have been prepared to specific isoenzymes, such as 

25 those established for several GST human isotypes and used 
to assess GST content of these isotypes in candidate 
tissues (Howie, A.F., et al.. Carcinogenesis (1990) 
11:451-458; Beckett, G.J, Clinica Ghimica Acta (1984) 
141 :267-273) . Gel electrophoresis separations can also 

30 be iised- The location of the GST bands following 

electrophoresis under noridenaturing conditions can be 
determined, for examples, by the method of Ricci, G., et 
al., Anaj, Biochgm (1984) iii:226-230. The location of 
various isoenzymes resulting from chromatographic 
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separations can be detected using substrates conunon to 
all isoenzyioes. such as i.-chloro-2,4-dinitrobenzene 
(CDNB) . indeed, the distribution of activity as assayed 
by CDNB in various tissues has been conducted by Pickett. 
C.B., andLu, A.t.H., Asa-lev Biochem (1989) 58:743-764. 

The use of these direct separation methods to 
obtain a pattern of GST isoenzyme distributions- iH cells 
and tissues of interest can be used to obtain a GST 
complement for such cells and tissues that may be useful 
in the design of therapy, provided that each of these 
isoenzymes has a reactivity profile which has been 
determined previously following separation techniques 
permitting isolation of the individual isoenzyme wxth 
retention of activity. Such a reactivity profile would 
15 take account of the substances which are effective 

substrates, substances which are effective inhibitors, 
and substrates which are effective inducers or activators 
of GST activity. Once the GST isoenzyme is identified 
• aiid quantitated by virtue of its position in the elution 
pattern or electrophoretic gel, for example, reference is 
made to the reactivity profile of the known and 
previously isolated isoenzyme in order td predict or 
design treatment protocols such as those described 

herein. ... 

This method, while readily comprehensible, is 
not practical due to the large number of GST isoenzymes 
that are potential candidates for inclusion In the 
complement and due to the mutability of the repertoire of 
GST isoenzymes per se. Thus, a polymorphism in the 
30 population' of available GST isoenzymes is likely to 

result in a protein with unaltered mobility, for exaitple, 
in the elution pattern, but with altered substrate 
specificity or inhibition pattern, or vice versa. In 
either case, the results of the matching of tlie position 
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in the elution pattern to the set of reference 
characteristics would give misleading results, 

A somewhat improved result can be obtained by 
utilizing multiple separation techniques, it being less 
5 likely that mobility would be unaffected in multiple 

separation systems as compared to one. Such 'a system is 
illustrated in Figure 3 which indicates that oji sorbent 
PI four isoenzyme peaks are obtained in the elution 
pattern; five are obtained in P2. The substrate 

10 specificity patterns (for substrates A, B and C) indicate 
that peak 1.5 is substantially the same in substrate 
profile as peaks 2.1 and 2.2 separated on sorbent P2; the 
isoenzyme that elutes at position 1.2 in sorbent PI, 
according to substrate specificity pattern, elutes at 

15 position 2»4 in sorbent P2. Correlations are also shown 
between peaks 1.12 and 2.14 and peaks i.l4 and 2.15, 
again, using substrate specificity as a criterion. 

One would therefore assume that a tissue sample 
which provided a peak at 1,2 in sorbent PI and at 2.4 in 

20 sorbent P2 would, be highly likely to have a reactivity 
. profile wherein A was the only active substrate., and at a 
relatively low level. 

If the separation, technique preserves enzymatic 
activity, the reactivities of each enzyme against 

25 potential drugs can be directly determined. Nondena- 
turing separations in the art, however, suffer from 
either a lack of resolution or from hypersensitivity to 
structural changes, making peak identification too 
problematic for effective guidance of therapy. Ion 

30 exchange chromatography, for example, can be used as a 
step to purify individual GST isoenzymes, but has poor 
resolution as an analytical tool. lEF, another technique 
available in the art, is prone to generation of numerous 
extraneous peaks due to in vivo or in vitro 
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posttranalational modificatioa, and there is no necessary 
linkage between such straetural changes and functional 
changes . 

Thus, determination of the activity profile of 
5 the GST complement in cells or tissues by separating the 
individual isoenzymes using prior art methods and 
determining an activity profile for each pf them against 
all possible Ghemotherapeutic drugs appears impractical, 
one factor in this impracticality is the small amount of 
10 tissue typically available. 

DHA-based probes for detecting GST components 
nay Contribute to defining SC profiles, but are generally 
inadequate because an inordinate number of probes would 
be needed to detect the numerous variant forms found in 
15 the human population. For each of them, a separate 

determination of enzymatic activity would also be needed 
for correlatihg with DNa. inforttiation. 

A more efficient approach, and that of the 
invention, takes advantage of profiles of GST isoenzyme 
20 complements which simultaneously measuire specif ic Isinding' 
activity and reactivity characteristics. These profiles, 
designated survey of characteristics profiles, or "SC" 
profiles, permit the determination of a reference set of 
SC profiles which include information on substrate 
25 specificity, induction in response to specific inducers, 
and the like, as well as additional binding or electrc- 
phoretic mobility characteristics. By applying 
computational methods to comparison of these profiles, 
the requisite information for the design of therapeutic 
30 modulators and accompanying protocols and for prediction 
■ of success or failure of proposed protocols can be • 
obtained for significantly larger numbers of specimens 
than by prior art methods, as needed to ptovide an 
adequate guide for therapy. 
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In this approach to determining the GST 
complement of unknown samples of cells and tissues; 
advantage is taken of pattern recognition techniques. 
In connection with this approach, what is here termed an 
5 SC profile is determined with respect to a panel of 

reagents which react specifically and differentially with 
the. various GST isoenzymes. This is analogous. to the 
determination of GRIM profiles obtained by cross -reaction 
immunoassay j and refers to any pattern of reactivity of a 

10 candidate GST isoenzyme or mixture of isoenzymes with a 
panel of reagents. Thus, the SC prof ile' may be 
determined with respect to turnover rates for various 
substrates; effective levels of inhibitor concentration 
for various inhibitors; levels of inducers required to 

15 induce the expression of the gene for the GST isoenzyme 
in the context of a particular host cell; mobility in .. 
. electrophoresis in the presence or absence of inhibitors 
or substrates; elution times from paralog or other 
"affinity columns or, indeed, the classical pattern of 

20 binding with a panel of antibodies, the SC profiles 
obtained for individual GST isoenzymes or mixtures of 
isoenzymes at various concentration levels can be 
manipulated in various ways, especially as described by 
the herein invention,, to provide a reference. set against 

25 which SC profiles of unknown samples can be compared. 

In general, the SC prof ile. will provide values 
for each of a panel of "information channels" wherein 
each information channel describes a characteristic of 
the GST complement or standard, such as the binding 

30 affinity for an antibody, a substrate affinity, an 
elution time or the like. At least some Of the 
information channels should relate to values that vary 
with concentration of the GST. 
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In order to be liseful in the desiga of 
embodiments of the strategies to int^air or 'destroy 
unwanted tissue as provided by the invention, the SC 
prcifiles must provide information related to GST activity 
so that differences between normal and unwanted tissues 
can be determined, "nius, the SC profiles of the unvranted 
tissue must be readily comparable to the reference 
standards which, in turn, must at least in part be based 
■ on reactivity patterns that will aid in the- design of 
10 therapeutic modulators and the selection of drugs or 

prodrugs. At least a portion of the reference prof iles 
must be grounded in substrate turnover rate data, 
inhibition data, or data relating to induction of 
isoenzyme production level, or any other reactivity which 
15 will permit manipulation of the GST isoenzyme is 
indeed, the combination of paralog ohromatographic 
separation which permits activity to be retained along 
with preparation of SC profiles with regard to 
reactivity-affecting reagents for these standards is an 
20 in5)ortant element of the herein invention. 

The SC profiles of the reference standards and 
of the unknown samples are determined with resjpect to 
panels of "specif ically. reactive reagents." These 
reagents may include a variety of substances, including 
25 paralogs, substrates, inhibitors, inducers, antibodies, 
as well as "reagents" which are actually techniques such 
as gel electrophoresis or affinity chromatography where 
the extent of reactivity is determined as electrophoretic 
mobility or elution time. Thus, ''specifically reactive 
reagents" is not limited to those reagents which effect a 
chemical reaction, but includes any reagent or technique 
that permits a characteristic parameter to be obtained 
for the sample with respect to that reagent. 
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By "unwanted cells or tissues" is meant any 
living material which is deleterious to the organism, . 
Perhaps the most prominent example of such unwanted 
tissue is maligng^nt or even benign tumor tissue. 
5 However, under specified conditions it is also desirable 
to rid the subject of superficial infections such as 
warts or acne, to destroy hair follicles in the case of, 
for example, tznwanted facial hair, to attack infectious 
agents such as bacteria and viruses, or to destroy 

10 varicose or spider veins. GST in parasites, plants and 
fungi are useful in the" development of fungicides, 
pesticides, and the like. 

Other examples of "unwanted" cells or tissue 
include those which are putatively normal but which have 

15 been modified by the presence of factors attributable to 
disease conditions so that the putatively normal cells 
are abnormally affected by these factors. Sudh 
"unwanted" cells include those responsible for the 
production of melanin in hair, where alteratioh in the 

20 * GST corcrplement may result in failure to produce melanin 
and the dopaminergic neurons adversely affected by 
metabolites generated by Parkinson's disease. 

While the side effects of many of the toxins 
and drugs conventionally employed for antitumor therapy 

25 make them undesirable for less deleterious, though 

nevertheless unwanted, conditions, milder forms of these 
drugs may be appropriate for the primary treatment in 
these cases. The enhancement of the therapeutic index 
(effectiveness of the drug in destroying or impairing 

30 unwanted tissues or cells as compared to its effective- 
ness in destroying normal tissue or cells) which is 
effected by taking account of the GST complement, 
including the administration of an appropriate thera- 
peutic modulator, permits the use of milder drugs or 
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lower dosages. Thus, even drugs which according to 
their current practice are burdened with unacceptable 
eide effects may be usable in conjunction with the 
therapeutic modulators of the invention, and drugs which 
are insufficiently potent under present protocols can be 
employed when their toxicity to unwanted cells or tissues 
is enhanced by the modulators of the invention. - 

po^^T^-iT^atio" Ppf^renrp .Sr ProfjXeg 

While some reference standards, as described 
below, can be prepared directly from normal tissue of a 
particular subject, it is also useful to provide a 
databank of SG profiles for a variety of t.revioUsly 
isolated GST isoenzymes with characteristic reactivity 
15 patterns. By matching these reactivity patterns with 
those frotti biopsy semgles of the unwanted tissue, the 
appropriate design for therapeutic modulators and choice 
of prodrugs or toxins can be made. 

U.S. Patent 4,963,263 and PCT application 
20 WO 91/06356, the disclosures of which are incorporated 
herein by reference, describe panels Of paralog affinity 
reagents that are useful ih chromatographic separations 
of closely related substances. Paralog panels can be 
conveniently used in the preparation of affinity supports 
25 for the separation of various GST isoenzymes . in purified 
. form while, in each case, retaining the activity of the 
native isoenzyme. Unlike the reverse-phase HPLC or 
western blot methods of the prior art, the separated 
isoenzymes prepared using paralog chromatography behave 
30 in a manner virtually precisely similar to that of the 
isoenzymes as they occur in nature. For each such 
purified isoenzyme, then, a SC profile with respect to 
reactivity of substrate or other activity- affecting 
reagent can be constructed. A helpful databank of a 
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large number of SC profiles characteristic of these 
purified isoenzymes can then be retained and stored in 
mathematically or computationally accessible form for 
comparison to samples obtained- from the unwanted tissue, 
5 In addition, the purified GST isoenzymes can be 

used to design novel therapeutic xriodulatdrs by employing 
them to screen various candidate substances, as described 
generally in U.S. Serial No. 447,009, filed S December 
1989, and incorporated herein by reference. 

10 Suitable paralogs can be based on variations 

such as those, for example, in the various GSH analogs 
prepared by Adang, A.E.P., et al-, Biochem J (1990) 
2£9:47-54; which interact with the various isoenzymes at 
different concentrations. These analogs are modified 

15 forms of GSH in which at least one of the glycine, 

cysteine, or gamma- glutamine. residues is replaced by an 
alternate amino acid residue. Conjugation of Icnown 
isoenzyme specific substrates to these glutathione 
variants or conjugation of these directly to sprbent 

20 further increases the systematic diversification of 

binding properties. In applying these diverse paralogs, 
profiles for standards and unknown samples can be 
obtained and compared using barUcs of the paralogs in 
■ appropriate configurations, such as in a panel of 

25 affinity columns in which these substances behave as 
affinity ligands. 

Determination of GST Complement 

The invention methods require knowledge of the 
30 GST complement of the unwanted cells or tissue in 

comparison to the normal cells or tissue of the. subject, 
or in comparison to the standard reference panel above. 
In general J two different approaches can be made to 
determine these complements. First, using general 
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cedmloues presently practiced ia the art, the individual 
teolmiques P ^ ^ be separated using 

. ::::::^srL^"ty supp^ts and tested individually 
C^^reir pattern o. activities. the para^ogs^-e 
S croparly chosen, the individual isoenzymes from the 
tX L he Obtained and then independently assess a 
for their substrate specificity, . inhil=itcr sP^^^^f^ 
Z Tr identifying suhstances *ich induce the activity 

or production of the isoenzyme. ™ttem 
10 in a second, less laborious, approach, pattern 

recognition techni^es are e-ployed to obtain an ^ta« 
Teadout for sables of either or both -^nted and nor»l 

— :g:^nr:s:rj:::rre-^^^ 

aSSd to tissue slices usin9 histocheeical staining for 

first, to the paralog-b^sed separa^i^ 
,0 approach, a .edification of the -P-'-J ^ ^ ^ ^ 

VOS, R.M.B., et al., pinrh^ P^arnlaC'a J, 

1082 discussed in the background section above, can be 
used, in this method, the cytosol fraction from a 
:on^lete rat liver «as subjected to - a^^^-ty - ^ 
25 s-hexyl GSH sepharose used as an affinity reagent for 
" Lrasagroup. The eluted GS. ani^ure was concen rated 
and separated by chiomatotocusing on a mono-PHE 5/20 
colum (Pharmacia FPLC sy.t=ri . The individual 
isoenzymes were collected in separate fractions and 
50 analyzed. Fractions .ere identified by their positionin 
the elution profile, their subunit .nolecular weight, and 
specific activities toward x-chloro-2,4-dinitrobenzene, 
which is a substrate for most known GSTs. 
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As modified by using the paralog technology 
referenced above, milder conditions can be employed; and 
more active forms of the GST isoenzymes can be recovered. 
These are then tested for substrate specificity, etc, 
5 As described above, one might consider the 

possibility of simply using arbitrary separation 
technology such as that of Vos that provides an elution 
pattern characteristic of the various GST isoenzymes, and 
matching the elutioh pattern for cells or tissue of 
10 unknown GST complement with the preset elution jpattern to 
determine the nature of the GST complement in the 
unknown. One problem with this approach, however, lies 
in the genetic mutability of GST, so that it is difficult 
to make reliable matches that will retain the inferred 
15 characteristics and thus be assured to have similar 
reactivity patterns. The genetic mutability of the 
isoenzymes as well as their sensitivity to posttrans- 
lational modifications is very likely, in any particular 
case, to have a profound effect on the substrate 
20 specificity, inhibition patterns^ and the like, as well 
as in binding and physical characteristics, such as pi. 
There is no guarantee that a correlation will exist 
between reactivity variation and physical property or 
binding, variation; indeed, the probability is that the ; 
25 effects will not be correlated. 

In the pat tern -matching approach, which is part 
of the herein invention, a more reliable assay is 
conducted by comparing the profile of reactivity of an 
unknown sample with a set of reference SC profiles, A 
3 0 predetermined plot of SC profiles obtained from samples 

of known GST complement is used as a reference with which 
an SC of the sample to be tested can be compared. 
Generally, a panel of 2-10, preferably 4-6, different . 
specifically reactive reagents is first used to provide 
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In one 



profiles for samples of kndwn compositions, 
eiribodiment, specific bindiiig assays are used- where there 
is cross-reactivity by the GST isoenzymes across a panel 
of binding agents, and the profiles are then obtained by 
5 measurement of inhibition values for binding of a kno^ 
binding partner by various GST isoenzymes. The 
collection of profiles is then treated mathematically by ^ 
any of a number of teclmiques to generate a readable 
comparison with the corresponding SC profile of an- 

10 unknown sample. 

VJhUe a convenient parameter involves 
reactivity with a binding reagent, such as an antibody, 
typically a monoclonal antibody, this is merely an 
illustration and not a requirement. For exaii?>le, any 
15 substance which is determined to react generally with the 
group of GST isoenzymes, is usable in the method of the 
invention. Antibodies, including, for example, single 
chain antibodies and recombinantly produced antibodies, 
can be used per se, or as immunologically reactive 
20 fragments thereof, as is well understood in the art. The 
use of. for example. Fat. Fab' or FlabMj. fragments xs 
often convenient in specific binding assays. • Any reagent 
interaction which provides suitable cross -reactivity can 
be used, such as enzyme -substrate or enzyme. inhibitor 
25 binding, ligand-receptpr binding, or binding to an 

affinity reagent such as the paralogs described in U.S. 
patent 4. 9 S3, 263 incorporated herein by reference. 

In addition to reactivity through specific 
binding, any type of reactivity can be measured. For 
example, for the GST isoenzymes, the effect on activity 
of each cf a panel of inhibitors could be measured, or 
the level of activity with regard to a series of 
substrates could be measured. It is not necessary that 
the same type of reactivity or other characteristic 
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• parameter be used to determine a value for each 

information channel of which the profile is comprised. 
Thus, the profile may constitute a combination of binding 
with an antibody, binding with an inhibitor, reactivity 
5 with another enzyme, reactivity with a substrate, or any 
other chemical activity or physical characteristic which 
has a variable value for the various GST isoenzymes to be 
determined. 

Similarly^ the choice of specific assay format 

10 which detects the reactivity of the reagents in the panel 
or value of characteristic parameter in the panel that 
provides the series of infonration chatinels for the 
profiles of the GST isoenzyme group members is optional. 
Binding or other reactivity of the sample to be tested 

15. and the production of a standard set of data points for 
various GST isoenzyme compositions can be determined in 
either a direct or competitive format. For example, a 
binding agent can be labeled and the binding to antigen 
detected by precipitating the resultcint complex and 

20 determining the amount of label in the precipitate. 

Alternatively > and more conveniently ^ a binding reagent 
is coupled to a solid support and the GST isoenzyme 
allowed to compete with a reagent of known binding 
capacity. Additional methods for conducting assays 

25 designed to detect and measure binding of a specific 

binding reagent to the analytes in a particular group are 
disclosed in PCT application US88/03554, and incorporated 
herein by reference. Methods for design of specific 
binding reagents are also found in U.S. f^atent No. 

30 4,963,263 and in PCT US89/bll94 and PCT US90/06333, all 
incorporated herein by reference. Alternative protocols 
will be immediately apparent to practitioners of 
immunoassays or other specific binding assays. 
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Simiiariy, methods to determine parameters 
which measure chemical reactivity or physical 
characteristics are also readily devised. For example, 
the relative mobilities of the isoeazymes in a chrotnato- 
.5 graphic support constitutes a differential cross- 
reactivity to provide inforrtation for one channel. 
Electrophoretic mobilities, pi values, reactivity vith 
■particular suhstrates or inhibition by particular 
inhibitors also constitute parameters which provide 
10 information for the profile. 

However the value of the characteristic 
parameter for each information channel is determined, a 
profile for a panel of "cross -reactive" characteristic 
parameters is determined for a series of known GST 
15 isoenzyme coitpositions. The simplest such compositions . 
and those typically used to obtain the standard pattern, 
are san5.1es containing only a single isoenzyme at a range 
of concentrations. Calculation of plot positions for 
mixtures is also possible. 

The profiles determined for the isoenzyme 
standards, and unknown coit?)Ositions are somewhat ^ 
analogous to cross -reaction immunoassay (CRIM) profiles 
and the method of the invention is analogous to comparing 
the CRIM profile of a sample to be tested with a 
predetermined plot of CRIM profiles obtained from samples 
of known analyte composition. In the invention method, 
the concept of a CRIM profile is broadened to include a 
series of channels of values of characteristic parameters 
such as specific reactivities which include not only 
reactivities with antibodies or binding agents, but also 
reactivity in a variety of contexts and any informational 
physical or chemical characteristic which has a 
differential value across the GST complement. For 
convenience, because the number of characteristics which 
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could be surveyed is large, this profile is designated 
herein a survey of characteristics profile or "SC 
profile," 

Thus, by "SC profile" is meant a pattern of 
5 values of characteristic parameters across a panel of 
information channels provided by reagents or a set of 
physical oi: chemical characteristics with respect to a 
single fixed GST isoenzyme composition. In a typical SC 
profile useful in the invention/ the characteristics of 

10 the GST isoenzyme with respect to 2-10 preferably 4-6 
different information channels are' compiled. For 
example, the reactivity bf a sample with a panel of 2- 
10, preferably 4-6, different reagents can be determined. 
As will be apparent from the example below, each 

15 composition will have a characteristic SC profile across 
the panel of information channels comprised of reactivity 
with reagents and/ or other characteristics. Larger 
numbers of members of the panel provide greater 
refinement of the assay; smaller numbers of members of 

20 the panel are more convenient. The chbice of the number 
of members of the panel is arbitrary, deperiding on the 
level of fine tuning desired in the assay; the • 
mathematical techniques disclosed herein permit selection 
of the most meaningful panel members and can be used to 

25 reduce the number of information channels needed in the 
. profile. 

In obtaining the profiles at various 
concentrations, the simplest conceptual approach provides 
this series of profiles by direct measurement of the 
3 0 inhibition values at various known isoenzyme 

concentrations with respect to binding reagents, or 
enzymatic activity. However, additional profiles can be 
interpolated using the curves obtained by plotting % 
inhibition vs. isoenzyme concentration. 
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TUfe profiles Obtained for the individual 
standard contpositions of GST isoenzymes to be compared to 
unknown BHiopleS are then subjected to computational 
techniques which permit the coir?.arison of the standard 
5 profiles with those of unknowns, a process not readily 

performed by hand. 

In the simplest form of application of these 
pattern recognition techniques, each SC profile is 
plotted, as a point in n dimensions, wherein n is the 
10 number of binding agents in each panel* 

■ Fot example, one might use a panel containing 
six different binding agents which are mdnoclonal 
antibodies. These antibodies are assumed to be cross - 
reactive with, for exaii«.le, tfen isoenzymes, A-, wherein A 
15 represents the isoenzyme and i is an integer of i-iO- 

one of these isoen^es, k^. for example, might be chosen 
as a labeled competitor to determine profiles of 
. competition for binding at various concentrations of 
itself and of the remainihg isoenzymes. Using a set 
concentration of labeled A^. the percent inhibition, for 
example, is determined with respect to binding each 
antibody in the panel at various concentrations of A^- 



20 
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For each A^, at one concentration, then, there 
25 are six data points which are percentages of inhibition 
with respect to labeled A^ for binding to the various 
antibodies in the panel. These percentages are then 
treated mathematically as defining the location of a 
single point in six- dimensional space where the first 
30 dimension describes the percent inhibition with respect 

to the first antibody, the second dimension describes the 
percent inhibition with respect to the second antibody, 
and so forth. Points are thus determined representing 
the various concentrations of A^^, A^, A3 . . . Aj^o' 
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As a six- dimensional plot is not readily 

visualized, known mathematical technigues> such as those 

described by D,L. Massart, et al., "Chemornetrics : A 
Textbook" (1988) Elsevier> (N.Y.), can be used to project 
5 the six- dimensional array onto a two-dimensional surface 
or other surface of lower dimensionality. This series of 
points in two-dimensional space can then be used to 
visualize con5)arisons of the profile obtained using an 
unknown sample with the profiles of standards to identify 

10 the isoenzyme coinpositiori of the sample'.* Of -course, as 
the six- dimensional space can be handled mathematically, 
there is no requirement for the projection in order to 
match the data point generated by the saiicples with those 
in the set of reference points- 

15 Choosing a projection does, however, provide 

the additional benefit of rank ordering the antibodies 
with respect to their utility for SG. The more nearly 
perpendicular the projection plane is to an axis in the 
six dimensional space, the greater is the loss of that 

20 component's information content in the projection. Since 
factor analysis generates an optimal planp for preserving 
the scattering aspect of that information, the relative 
importance of the antibodies in this regard is readily 
determined. This knowledge may be usefully applied, for . 

25 example in reducing the number of antibodies in the 
panel . 

In the example described below, it was found 
that reliable estimates coiild be obtained for 
compositions of an unknown sample in about 85% of the 
30 cases using this rather simple mathematical approach. 
Improved results were obtained by applying methods to 
distinguish between data points which are of significance 
from those which are relatively meaningless. 
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in effect, weighting factors for the various 
members comprising the profile can be introduced to 
account for the fact that those concentrations whxch 
represent inhibition of binding on the linear part of the 
standard curve are more informative than those in the 
asymptotic parts of the curve at very low or hxgh 
inMbition. These factors are applied when the- dataware 
treated by -^variance analysis. - In this technique, xn 
general outline for this exaxapie, the value represented 
by the dimension corresponding to of the six 

monoclonal antibodies in the panel is compared separate-y 
with the corresponding value for the correspbnding 
antibody in the unknown sai.5.1e. rathet than as a totality 
of the n-dimensional result for all six antibodies. 

For example, the observed inhibition value for 
antibody #1 iitl)lies a corresponding concentration for A^, 
and a different corresponding concentration for T^. etc. 
Antibody #2 siitiilarly generates a family of predictions, 
and so forth. For the correct choice of isoenzyme, the 
individual predictions of the six antibodies will agree 
more closely than for an incorrect choice of isoenzyme. 
This approach to profile identification is a form of 
variance analysis, normally used to conipare independent 
estimates made in different laboratories or methods of 
determination. Calculation of variances can bei easily 
modified to weight the predictions by a factor 
representing the reliability of the data, as judged by 
the variance in the data set used to construct the 
standard curve. This procedure is referred to herein as 

30 "weighting the results." 

This mathematical technique, as described by 
Mandel, "The Statistical Analysis of Experimental Data" 
(1984) Dover, provided sufficient weighting of the 
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significant binding data to provide a clear result in 95% 
of the cases. 

Finally, neural net systems can also be used, ' 
wherein adjustment factors arise iinplicitly in the 
5 process of training the net's input/output 

characteristics using standards. The systems are 
outlined, for example, in Hartz, J.A. , et al.,- 
Introduction to the Theory of Neural Computation (Addison 
Wesley, Santa Fe Institute Series on Complex Systems, 
10 1991).; Parallel Distributed Processing , 2 vols. 

(D.E. Rumelhart and J,L. McClelland, eds., MIT Press, 
1986) ; or DARPA Neural Network Study (Armed Forces • 
Communication and Electronics Association Int'l Press, 
. 1988) . 

15 An illustration of the application of these 

techniques for determination of SC profiles and 
evaluation of the profiles in unknown samples is as 
follows. This example uses triazines, but analogous 
techniques mky be used for GST complement determination. 

20 A series of standard profiles for ^ach triazine 

analog over the 10-1000 ppb range was calculated from the 
inhibition curves obtained for each of the triazines. 
used. The result of this theoretical calculation, for 50 
ppb is shown in Figure 4A- As seen, the percentage 

25 inhibition patterns across the panels is distinctive for 
each individual triazine. 

The profiles were also determined 
experimentally at 50 ppb, as shown in Figure 4B- The 
calculated and experimental patterns are highly similar, 

30 Matching experimental profiles to calculated 

reference profiles allows identification of unknown 
samples. A catalog of calculated profiles thus provides 
a reference for imknown sample detenaination. 
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profiles such as those shovm in Figure 4A were 
determined for a series of concentrations of- seven 
triazines in the 10-1000 ppb range. The percent 
inhibition values for the five antibodies for each ^ 
5 triazine at each concentration provides a coordinate m 
S-dimensional space. Thus, each analog at each 
concentration gives a single point representing- the 
profile in 5 -dimensional space. 

The resultant pattern shows a unique series of 
10 points represented by individual analytes at various 
concentrations with respect to the antibody panel. 

in order to visualize these data better, the 
5-dimensidnal plot is projected into a 2-dimensional 
array, as shown in Figure 5. 

■fhe orientation of the two-dimensional plane 
used for this projection is that which best preserves the 
scatter of the data, i.e.. which minimizes points lying 
on top of each other in the projection when they are well 
separated. This orientation is defined mathematically as. 
the plane specified by the principal components of the 
data. Projecting points onto the plane defined by the 
principal components preserves the clustering and 
characteristics of the original data as described by 
Massart, D.L., etal., -Chemometrics: A Textbook- (1988) 

25 Elsevier, New Yorlc. 

AS shown in Figure 5, all points labeled "i" 
represent various concentrations of atrazine, all points 
labeled "2" represent varying concentrations of simazine, 
and so forth. 

30 By determining the point location resulting 

from obtaining the profile of a sample in the same manner 
as described for known compositions in this example, the 
analyte composition of the sample can be obtained. 
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For use in determining the GST complements 
needed to practice the therapeutic methods of the 
invention, the analogous SC profiles can be determined 
using either isolated GST isoenzymes or mixtures thereof 
5 which contain known compositions or both. The specifi- * 
cally reactive reagents must, in this case, include at 
least some members which give guidance as to the types of 
drugs, prodrugs, or therapeutic modulators that would be 
useful in treating the unwanted tissue." The panel 

10 members of the specifically reactive reagents can 

include, for example, a series of known substrates and in 
this case, the profile might be set forth as a pattern of 
turnover rates with respect to these substrates. 
Suitable substrate candidates include, for example, 

15 ethacrynic acid, broxnosulf ophthalein, cumene hydro- 
peroxide, BCNU, chlorambucil, trans- stilbene oxide and 
the like. 

Also available for use as specifically reacting 
reagents which are members of the panel to provide a SC 

20 profile are inhibitors which interact with the GST 

isoenzyme at various levels. These inhibitors include, 
for example, piriprost, Cibacron Blue, and heinatin. 
Antibodies which are specifically immfunoreactive with the. 
various isoenzymes can be used, as well as paralog-type 

25 affinity reagents. However, at least some members of the 
panel must be descriptive of the enzymatic activity of. 
the GST in order to provide a basis for therapeutic 
strategy design. 

An additional technique for obtaining SC 

30 profiles is analogous to that described by Takeo, K.,- 
et al,, J Immunol (197B) 121: 2305-2310 • In this 
approach, differential electrophoresis in the presence of 
various binding agents for the individual proteins 
permits measurement of a mobility value. In the specific 
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application das=rl^*d by ^e=, ^^eBents of dextran 
.pLnc myelpn^ pro«i« ^ pcXyacryXamae 9^1 electro 
nLresis «ere mads, tttardation when the dextrai.3 

« - =--tin. 3ei, 

be reversed W adding the hapteh --^^"^rf^Zitiss 
charide. In using tM. approach, a .er.e= o£ iccbiUties 
cnariae- ^-^n■rdina aqent, for example, 

depending oti the choxce of retarding age , . 
could be obtained for kno«n compcs.txons. 1^X3 te^xgue 
:::id be adapted, to tbe SC profile, o. ^^^^ 
utilizing substrates and/or inhibitors as the retarding 

or mobilizing agents . . . rcT 

la a preferred method for determining the GST 

conple^ent of biopsies, a series of HPLC "^^J 
constructed using the Known .ST ^^^"^^^^ ^ 
MannerviK, B.. et al.. ...^J^tL^a^ LfnZea 
7206 referenced above. These substrates are conjugated 
S::;^ to the c.l^ supports or are attached to t e 
GSH analog variants described by Adang, ^-^^^ ' 
HiscliS^ (1990) 2££:47-54, also referenced above A 
series of 50-100 different columns resulting from the 
^rious possible con^inations of substrates ^^J^ 
analogs represents a series of ^^"^^^ 
sorbents are tested to select those of.maxiBal diversity 
in properties by utilizing each for the separation of 
^nixture of kno«n GST isoenzymes. The four ot five 
colun^s with the greatest .^^ 
then chosen as panel members for determining SC profiles 
in unknown sait«»les and in standards. 

Thus, rather than displaying the separations as 
elution patterns on each individual sorbent, the data are 
rearranged so that the capacity for adsorption to each 
sorbent represents an information channel in the SC 
profile of the isoenzyme. The reactivity pattern with 
respect to inducers, activators, substrates, and 
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inhibitors are also determined for each isoenzyme and 
used as an information channel. The completed profile 
for each known isoenzyme is then used as a member of a 
reference set^ Additional members of" the reference sets 
5 are determined by utilizing samples from normal tissues 
and evaluating the values assigned to the same set of 
information channels- The corresponding profiles of 
biopsy samples from unJcnown, unwanted tissues are then 
compared against this reference set . 

10 Whatever the choice of panel members for use -in 

determining the profiles, the profiles for knovm 
compositions are stored in computationally accessible 
foi:m for comparison to profiles similarly determined for 
unknown samples. Thus, kits can be provided for 

15 determination of the GST complement of unknown samples 
which include the test panel members used in determi- 
nation of the reference profiles along with instructions 
for SC profile determination of the .unknowns. Suitable 
software to access the reference profiles may also be 

20 ~ included. 

After the GST complement of the unwanted tissue 
in question has been determined, the appropriate strategy 
can be selected for treatment to impair or destroy these 
cells or tissue. The. complement, may be evaluated to 
25 determine whether or not standard treatment protocols 

will be successful when applied to the unwanted cells or 
tissues or" may be used for the design of different 
protocols including the choice of toxin or prodrug and 
the inclusion or npninclusion of a therapeutic modulator. 

30 

Therapeutic Stracecries 

Three of the fdur strategies of the invention 
require the use of a cytotoxic drug or a prodrug 
therefor. A wide range of such possible toxins is known 
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in the art. Of course, the cleatance of the toxxn nnast 
be subject. to control by GST in order to take advantage 
of the differing cdnplements of this enzyme between 
unwanted and nonnal tissue. 

A review of various cytotoxic agents useful xn 

the invention is found, for example, in a 
Docampo, R., et al., in "Free Radicals xn Bxology 15B4) 
vi-243-280- This review sunonarizes the free raaxcals 
generated by such dtugs as menadione, menoCtone, 
daunorubicin, mytomicin-C, actinonycin-D. 9-hydroxy- . 
-llipticine. s-methylphenazinium methyl sulfate, 
;;ifurti^ox, ben.nidazole, and the various radiosen- . 
sitizers metronidazole, secnidazole, ronidazole, and 
ndzonidazole. Various porphyrins and dyes such as 
chlorproinazine and primaquine are also descrxbed. Ot 
related compounds that have an ortho-dihydroxybenzene 
moiety and are structurally related to ievodcpa and 
dopamine are disclosed by Wick, M.M. , in ^Invggt 
' ^^rm^ (1989) 72:329S.331S. K wide variety of toxxns 
useful in chemotherapy in general is known in the. art. 

in addition, various prodrugs for to^His are 
also known. Examples of prodrugs which are activated by 
various GST isoenzymes include 1,2-bromoethane and 

azathioprine . , 

The primary cytotoxic agents or thexr prodrugs 

are administeted in conventional protocols and in 
conventional formulations in the strategies that employ 
them. Generally, systemic ' administration is preferred, 
usually by injection, but if desired, by transmucosal , 
transdermal or oral administration. Suitable formu- 
lations for any of these routes may be found, for 
example, in .^n,^..^^n'. Phnrm.rpnt-i ral Sciences., latest 
edition. Mack Publishing Co., Easton. PA. In some of 
these strategies, the cytotoxic agent or prodrug xs 
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administered along with the therapeutic modulator which 
enhances or inhibits the desired GST isoenzyme. Suitable 
known therapeutic modulators are those known to affect 
GST activity such as ethacrynic acid, 3 -methyl cholan- 
5 threhe, Cibacron blue, hematin and the like, as set forth 
hereinabove. However, additional therapeutic modulators 
for the specific GST isoenzymes found to characterize the 
GST complement of unwanted tissue can be found using 
screening methods as set forth above. 

10 Thiis, the toxin may be chosen so as to be 

inactivated only by the GST of normal tissue, but to be 
ignored by the clearing GST of unwanted tissue; a prodrug 
can be chosen that is activated only by the GST in 
unwanted tissue, not by that in normal tissue. 

15 Alternatively or in addition, the native balance of GST 
activities is tipped by administration of one or more 
therapeutic modulators which alter the activities of 
either or both the normal or unwanted tissue GST 
isoenzymes. Finally, the therapeutic modulator may 

20 affect the activity of an oxidising agent whose oxidizing 
power is coupled specifically and preferentially through 
the GST isoenzyme in hypoicic unwanted tissue. 
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Claims 



1. A method to determine the GST complement 
of cells or tissues suspected of containing at least one 

5 GST isoenzyme, which method comprises: 

evaluating the value of each infonnation 
channel in a panel of characteristics related to GST 
isoenzymes of said cells or tissue to obtain a survey. of 
Characteristics (SC) profile for said cells or tissue; 

10 and . ^ . ■ J 

comparing the resulting SC profile obtained 

from said cells or tissue with a reference set of SC 
profiles for the same panel of characteristics obtained 
from samples of knovm GST complements. 

2. The method of claim 1 wherein said 

evaluating comprises: 

contacting said cells or tissues with each 
member of a panel containing n specifically reactive ^ 
reagents reactive with at least one GST isoenzyme wherein 
n is an integer and is at least 2; and 

evaluating reactivity of each specifically 
reactive reagent in the panel with the cells or tissue. 

3. The method of claim 2 wherein at least one 
of said reagents is a substrate, inhibitor; activator or 
inducer of a GST isoenzyme, or is an antibody or 
inmninoreactive fragment thereof specific for a GST 
isoenzyme . 

4. The method of claim 1-3 wherein said 
comparing includes the steps. of converting the profile 
obtained to a point in n- dimensional space by plotting 
independently in said n-dimensional space the value of 
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each information channel of the panel for the unknown 
cells or tissues, whereiia n is the nxunber of information 
channels in the panel, and 

comparing the position of said point to the 
5 positions of reference points in said n- dimensional space 
determined in an analogous manner for sautipliss of knovm 
GST complement; and - 

identifying the GST complement of the unknown 
cells from the reference point closest to that obtained 
10 from the unknown cells or tissue. 

5. A method to prepare a reference set of SC 
profiles for the GST complement determination with 
respect to a panel of n information channels i wherein n 
15 is an integer and is at least 2, which method comprises: 

determining the value of the parameter 
representing each information channel of said panel for 
each individual GST isoenzyme at a series of 
concentrations of said GST isoenzyme to obtaiii a SC 
20 profile of said GST isoenzyme against said panel at each 
concentration; and 

staring the SC profiles in a computationally 
accessible form. 

25 6. A reference set of SC profiles obtained by 

the method of claim 5 . 

7. A method to select a therapeutic modulator 
that affects GST activity preferentially in target cells 
30 or tissue, which method comprises evaluating said 

modulator with respect to the GST complement of said 
target cells or tissue, said GST coir5)lement being 
determined by the method of claim 1. 
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8 A phantaceutical composition which 
" comprises a* therapeutic modulator thit has been selected 
by the method of claim 7. 

5 9; The composition Gf ciaiiti 8 wherein said 

therapeutic modulator is an inhibitor or ah inducer or 
activator for the GST con^^lement of predetermined cells 
or tissue. 

10 . A method to treat or ameliorate a 
condition Characterized by the presence of uhwaiited cells 
or tissue, wherein said cells or tissue have been 
determined to have a GST conpiement different from that 
of normal tissue by the method of claim 1. Which method 
IS comprises: 

administering to a subject in need of such 
treatment an effective amount of at least one cytotoxic 
substance effective to. destroy or impair the functioning 
■ of said unwanted cells or tissue along with an amount of 
a therapeutic modulator effective to render said toxin 
selectively more susceptible to detoxification by the GST 
• complement of normal cells or tissue as con?,ared to the 
GST con^jlement of said unwanted cells or tissue; or 
admiiiistering to a subject in need of such 
25 treatment a prodrug that is converted to a cytotoxic 

agent by the GST camplement of said unwanted tissues or 
cells to a substantially greater extent than by the GST 
complement of the normal tissues or cells, and, 
optionally, also administering, to said subject a 
30 therapeutic modulator; or 

administering to a subject in need of such 
treatment a toxin which is relatively uhaffected by the 
GST complement of unwanted tissue or cells but which is 
detoxified by the GST ccxnplement of normal tissue or 
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cells, and, optionally, also adrninistering to said 
subject a therapeutic modulator; or 

administering to a subject in need of such 
treatment a GST substrate effective to consume the 
5 glutathione of unwanted tissues or cells in a reaction 
mediated by the GST complement of said unwanted tissues 
or cells, but wherein said stibstrate does not- consiume the • 
GSH content of normal tissue or cells , fnd, optionally, 
also administering. to said subject an effective amount of 
10 -a therapeutic modulator , thereby rendering said unwanted 
tissue or cells sensitive to electrophiles generated by 
chemotherapy or radiation. 
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